The amide nitrogen atom of glutamine was incorporated into pyridoxine in four eukaryotes, Emericella nidulans, Mucor racemosus, Neurospora crassa and Saccharomyces cerevisiae, and two prokaryotes, Staphylococcus aureus and Bacillus subtilis, but not in the fol lowing prokaryotes, Pseudomonas putida, Enterobacter aerogenes and Escherichia coll. On the other hand, the nitrogen atom of glutamate was incorporated into pyridoxine in P putida, E.
Summary
The amide nitrogen atom of glutamine was incorporated into pyridoxine in four eukaryotes, Emericella nidulans, Mucor racemosus, Neurospora crassa and Saccharomyces cerevisiae, and two prokaryotes, Staphylococcus aureus and Bacillus subtilis, but not in the fol lowing prokaryotes, Pseudomonas putida, Enterobacter aerogenes and Escherichia coll. On the other hand, the nitrogen atom of glutamate was incorporated into pyridoxine in P putida, E.
aerogenes and E, coil, but not in S. aureus and B. subtilis. The biosynthetic route of pyridoxine is still unclear. There have been many reports on the precursors of the carbon skeleton of pyridine but few on the origin of its nitrogen atom (1). Spenser and co-workers proposed that pyridoxine is synthesized from 1-deoxy-D-xylulose and 4-hydroxy-L-threonine in Escherichia coil (2) . They have already reported that glycolaldehyde and glycine are incorporated into pyridoxine in E, coil (3, 4) . Dempsey hypothesized that glycolaldehyde and glycine might form 4-hydroxy-L-threonine by an aldolase-type reaction, which may then be incorporated into pyridox ine (5) . In 1990, Lam and Winkler proposed, through gene analysis in E. coil, that pyridoxine is synthesized from 1-deoxy-D-xylulose and 4-hydroxy-L-threonine (6) . They reported that 4-hydroxy-L-threonine is syn thesized from erythrose 4-phosphate and glutamate. Recently, Spenser and co-workers proved that the labels of [2,3-13C2]-1-deoxy-D-xylulose and [2,3-13C2]-4-hy droxy-L-threonine were incorporated into C-2 and C-3, and C-6 and C-5 of pyridoxine, respectively, in E. coil (7, 8) .
We reported that the amide nitrogen atom of L-gluta mine is incorporated into pyridoxine in Saccharomyces cerevisiae but not in E. coil (9) . These results suggested the possibility that this difference is attributed to a dif ference in the biosynthetic route for pyridoxine between prokaryotes and eukaryotes. 
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RESULTS AND DISCUSSION
The mass spectrum of authentic acetylpyridoxine is shown in a previous report (9) . Analysis of the frag mentation of pyridoxine was based on the report by DeJongh and Korytnyk (11) . The molecular ion [M+] m/z 295, fragment ions m/z 253, 235 and 193, and the base peak at m/z 151 have a nitrogen atom from the pyridoxine ring. The M+ peak is very low, and the mass ion with the highest peak, m/z 151, overlapped with a contamination peak ion at m/z 150. Therefore, we chose the peak at m/z 193 to measure the incorpora tion of isotopes because of the low contamination in a prepared sample and the reasonable abundance in na tive acetylpyridoxine. The results of the incorporation of the label of [amide -15N] L -glutamine into pyridoxine in the organisms are shown in Table 1 together with the reference for S. cere visiae (9) . The amide nitrogen atom of glutamine was incorporated into pyridoxine in E, nidulans, M. racemo sus, N. crassa, S. aureus and B, subtilis but not in P. putida or E. aerogenes. We already reported that the label of [amide-15N] L-glutamine was incorporated into pyridox ine in S. cerevisiae but not in E, coll.
The results of the incorporation of the label from [15N] L-glutamate into pyridoxine in S, aureus, B. subtilis, P putida, E. aerogenes and E. coil are shown in Table 2 . In P. putida, E. aerogenes and E. coil, the label of [15N] L -glutamate was incorporated into pyridoxine but not in S, aureus or B, subtilis. The biosynthetic pathway of the pyrimidine moiety of thiamin differs between eukary otes and prokaryotes (10) , and the biosynthetic path way of thiazole moiety in eukaryotes and aerobic bacte ria differs from that of facultative anaerobic bacteria (12) .
In eukaryotes, the origin of pyridoxine nitrogen was the amide nitrogen atom of glutamine. The amide nitro gen atom of glutamine was also incorporated into pyri doxine in prokaryotes, S. aureus and B. subtilis. However, it was not incorporated in P putida and E. coll. This difference in origin of the nitrogen atom of pyridox ine has not yet been clarified. We can describe that there are at least two types of biosynthetic pathway, and the boundary is between S, aureus and B. subtilis, and P putida and E. coli.
The amide nitrogen atom of glutamine was incorpo rated into pyridoxine in four eukaryotes, E. nidulans, M. racemosus, N. erassa and S. eerevisiae, and two prokary otes, S. aureus and B. subtilis, but not in the following prokaryotes, P. putida, E. aerogenes and E. coll. On the other hand, the nitrogen atom of glutamate was incor porated into pyridoxine in the prokaryotes, P. putida, E. aerogenes and E. toll, but not in S. aureus and B. subtilis. These results suggest that there are at least two differ ent biosynthetic routes for pyridoxine and the difference does not depend on prokaryotes and eukaryotes.
